INTRODUCTION
The need for low area and power design is the impact of many design issues, such as the exponential increase of portable device market, heat sinking cost, device reliability and environmental effects. Shear processing power is not the only factor for designing a chip, but also with a low power and area efficient design, can make it the market winner and acquire a major part of the market.
In any processing element, an adder is an indispensible component. Adders speed places a limitation on the operating frequency and it consumes high power due to high transition density [8] . This leads to creation of hot spots and hence device reliability issues, reducing the shell life. To reduce this problem tradeoff has to be performed. Optimization of speed, area or power of adders is crucial for the design. Many hybrid designs of adders have been proposed, which discusses how to tradeoff area, power or speed by combining two or more types of adder [1] , [5] . When tradeoff is performed on one parameter, might degrade the other parameters [6] .
The ripple carry adder (RCA) consumes very less area, but as the number of bits increases the critical path delay (carry in to carry out) increases linearly [6] , [7] . Hence for high speed designs RCA is not preferred. On the other hand the CLA is designed by separating the carry chain and the sum logic [2] - [4] , there by the critical path delay is substantially reduced but the complexity, area and power increases dramatically with the number of bits [2] , [7] .
The proposed HRCLA is a trade off between the CLA and RCA which reduces the complexity at the cost of critical path delay increase, in the HRCLA the critical path contains the full adder, the critical path delay cam be greatly reduced by using faster full adder [9] .
DESIGN

Ripple Carry Adder Architecture
The ripple carry adder is constructed by cascading full adders (FA) blocks in series. One full adder is responsible for the addition of two binary digits at any stage of the ripple carry. The carryout of one stage is feed directly to the carry-in of the next stage. A number of full adders may be added to the ripple carry adder or ripple carry adders of different sizes may be cascaded in order to accommodate binary vector strings of larger sizes. For an n-bit parallel adder, it requires n computational elements (FA). Figure 1 shows the structure of an N-bit ripple carry adder. It is composed of four full adders. The input bits of 'A 'are added to the bits of 'B ',respectfully of their binary position. Each bit addition creates a sum and a carry out. The carry out is then transmitted to the carry in of the next higher-order bit. The final result creates a sum of N bits plus a carry out.
Fig 1: N-bit Ripple Carry Adder
As in Figure 1 , RCA is cascaded structure of full adders. If A FA is the area of a full adder then the total approximate area will be NA FA and the critical path delay is given by Tcri= Tc(N-1) + Ts+ Tw (1) Where Tc is the delay to compute the carry out, Ts is the delay to compute the sum and Tw indicates the total wiring delay. Equation (1) is generic; more accurate results for Tcri can be obtained after layout generation. 
Carry Lookahead Adder Architecture
The delay in RA increases with number of stages, as seen in equation (1) . CLA resolves this problem by separating sum and carries logic (see figure 2) . The carry lookahead logic produces carry out even before the sum is computed. Hence CLA is faster than RA.
Fig 4: 4-bit Carry Lookahead Adder
To get more insight of operation, let us consider the following Boolean equations of the carry lookahead logic. The above expressions show that C2, C3 and C4 do not depend on its previous carry-in. Therefore C4 need not to wait for C3 to propagate. As soon as C0 is computed, C4 can reach steady state. Another observation is that, as the number of bits increases the fan out, fan in and complexity increases rapidly, results in more area and delay. To generate C4 4 input OR gate and 5 input AND gate is needed. The carry propagate signal has to drive 3 AND gates, which is quiet high. Hence the CLA is limited to 4-bit block.
In RA the critical path is through adders but in CLA the critical path is in the carry lookahead circuit (see figure 2) ; as the number of bits increases RA's critical path delay and area increases linearly but for CLA it increases at a faster rate, so CLA is grouped into smaller parts usually of 4-bits each which reduces the fan-out need to generate carry out. An N bit CLA can be realized by cascading 4-bit CLA blocks (see figure 2 ).
The proposed Hybrid Ripple Carry Lookahead Adder Architecture
A 4-bit HRCLA is designed by rippling the 3 rd carry of the CLA through a full adder to produce the fourth carry and sum (see Figure 4) , by cascading this four bit block N-bit adder is realized as shown in Figure 3 . In general by rippling the last but one carry through a full adder the HRCLA can be designed. The direct consequence intuitively is reduction of area and power, but an increase in delay. Another important observation is the critical path is through the last full adder, when compared with CLA there is an increase in critical path delay because the last full adder has to wait for its prior carry out to be computed.
Fig 5: 4-bit HRCLA
For the 4-bit HRCLA shown in figure 4 , critical path delay is through the 3-bit carry lookahead logic and the final full adder. This inclusion of the full adder has resulted in the timing overhead with respect to 4-bit CLA but achieves area and power saving. An N bit CLA can be realized by cascading 4-bit CLA blocks (see figure 3 ).
IMPLEMENTATION AND RESULT
The front end designs have been developed using Verilog HDL and synthesized in Cadence Encounter(R) RTL Compiler v08.10-s121_1 with the following attributes: The synthesized blocks of conventional CLA and the proposed HRCLA adder are shown in Figure 6 and 7 respectively. The lower half is the sum output logic and the upper is carry out logic but both logic share the XOR gates output because it is used for carry generate signal and where as carry propagate uses AND gates The number of gates and the routing complexity for the HRCLA substantially reduced, this is evident from figure 7 where carry out logic (upper half) is quiet reduced than CLA. From Table 1 , it is clear that the critical path delay has substantially increased over CLA. In HRCLA area saving is more than the power, as the number of bits increases saving is also more as in seen in the Figures 8 and 9 , but the critical path delay of HRCLA also increases, as observed from the Summarizing, the HRCLA has achieved substantial power and area reduction but at the cost of increase of delay. The area, power, critical path delay curves Figure 8 , 9, 10 shows that HRCLA curves are in the middle of the CLA and RCA curves this is the direct consequence of hybridization, hence its parameters fall in between them. But in the power delay product curve (see Figure 11) , the HRCLA shows the least value and hence has better power product delay characteristics.
CONCLUSION
The intent the work was to trade off time for area and power optimization and has been achieved with marginal increase of critical path delay Figure 10 . The power delay product curve (see Figure 11) shows that the HRCLA is the better choice. The comparative study of proposed and existing adder designs have been verified for its functionality and synthesized in cadence digital design flow (using gscl45nm technology library). The full adder falls in the critical path, which has increased the delay. The delay can be reduced by choosing minimum delay full adder [9] , which can used to reduce the delay, perhaps even match the delay of the CLA.
